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I'ROJECTILE LM1PACT EFFECTS ON AIRCRAFT WIRE HALRNESSES

!iTRODUCTION

A stuuy was initiatea recently at the iNaval Research Laboratory to
evaluate the effects of hostile projectiles impacting on aircraft wiring
oarnesses. The results of tests conducted in the NRL Ballistics Impact
Facility have aerionstrated that tne effects can be serious and that
coiioustive reactions frum the electrical arcing resultiny froni the impact
will be more severe for some types of wire insulation than for others. The
tests detionstrated tnat wiring kjith an aromatic polyimiae insulation will

.. react ,ore severely than wiring with a radiation crosslinkeo moaifiec
eznylerie tetrafluoroetny.lene insulation. The nature ot this reaction and
the description of the test will be more complezelj descriDec in this report.

There has been very little puolisiiea about sucn reactionis in eitiner
laboratory' experiments or frori in-service experienices, altnuugn it shuula be
a prilary concern, since cohlUdt survivability is a major design goal for our
fighter aircraft. In a literature search it was noted tnat the majority of
coimniittee reports and newsletter items on Aircraft Survivability and Battle
damage Repair descrioe extensively the methods ano materials that are being
aeveloped to repair damage to fuselage skins--both metal and composite. In
full-scale tests, eecommissioned airplanes arc Lei s at wi t .smal
arms, cannons anu missiles to determine the extent of damnage to the skins
ana structures. Other cumponents beiny studieo for vulnerability and repair
processts are: engines, fuel tanks, rotor blades, tires and transparencies
(1). Based on reactions observed in tnis study it would be judicious to
include wire harnesses, carrying full power, in tnis list of cuomponents.

Electrical engineers at the NAVAIR Engineering Support Office at NARF,
Norfolk, being aware of this potential hazaro, conducted soje experiments.
They founo that small projectiles (Bb's fired from a Crossman air gun) would
break wires ano produce short circuits between wires of opposite polarity in
a harness energized with 110 volt, 6UHz line power. Tney observed that some
wire insulations woula burn and others would not when the sniort circuit
arcing occurred. This concern leu to the present, more comprehensive study
of the reaction conducted at NRL witn a more controlleu, service simulated
system. These experiments were monitored ano recorded on a closeu-circuit
TV so that the events could be viewed froit outside the experiienzal chiamber
during the firing and toe event could be recounted in detail by later
showings of the action triat occurred in real time. A ten-,inrute, narrated
viueotape report nas been preparea in order to facilitate later viewing of
the action observed in this experiment.

SManuscript approved October II, 1985.
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* C~XPEk irCJAL Pi<UG' "I

T exper-ijinta1 systerm was prtepared withI conisi ucrjbile Juvi ce from NE130
-nines in vrucQ' to stu,,y trnl_ reactions of operatior~al aircraft wiring to

1iiiia;Ots troin ceiilbdt projectiles. Thus, tne labordtory SySte!M was ®3si~~neu
as nelurly as practllcal to sii;iulate theO service sce'nario, 2r0 tVic .t-o wire
types testeu wicre qualI i I:i cu by tne N~avy for coui~uat a i rý.raftL servi ce.

2 ~The overall1 test set up is ill ustrated in Figure 1 , anid a schematic of

*trie electrical system is shown in Fi~ure 2.

1. Description oil Wire harnesses

The two wire types used to construct tLne harnesses testea inl this study
*were: MlL-W-81E,8l/ll ana [IlL-W-229759/34. The Ml1L-W-6ljdl/1l wire type is

i nsulatea with an aromatic polyimide film, applied as a wrapped ta!,.;. Tile
IlIL-',-22759/34 wire type is insulated with anl extruced modi fied ethylene
tetrati uoruethiyl ene polymer that is rddi ati on crossi inked. For this Test,
wire bundles were fabri cated from each of these wi re t~ pes ano mounteo so as
to siiL;uldte conoitions wrlicni are representative ut stanuard Naval aircraft

STfine first set of harnesses consisted of ootii siný,le .ires ot
t~l-~b331/11 and shielcea cables, cesi . naTeo as GC-67tiMR. These- harnesses

i,,ere constructedl at NR'L frc~m wires aria cab~les reiiovea froi~i anl F-1 4 tnut was
manufactureu by Urumirmn in Novei~ber 198hU. Thiis air-craft is iolenti fied as

* ti~bureau ilurnber 161 1b7, Gruimi-ian Fabricationl Number' 'b4, thV b leea

Strike ircraft onl 24 April 1Wh. The wires and cables were taken troiri tne
area arý.und tie cocKpit ana the lower ri~nt forewaru fuselage unu~er the
c ockp )i t, They all appeared to be in very good conni ti on and were found to
be die lectrical ly sound when testeG prior to tie projectile iimpact events.

AllI of the harnesses useci in the experim-ents were constructed so as to
be representative of F-14 nrniresses, consisting of approximilately, 60 sin~jle
wires in sizes from, 16 to 24 ano 10 cable _Of various dmounits of 20 and 2o
Eize wires. Wheri lacea tightly -the harniesses measured appruxiriiatelj 3/4-i rch
ill oliamieter.

Arepresentative wire harness Of dFpproxiimately 2/-ilIcn diameter tli!t is
* typical of an F-14 instal lationi was descri~e to qKL uy ti-e t,'KS0 personnel

so that thle harness, specimens could be cons-cructed as nearl y as possiole to
the representative proportions (2). The wires and ca~l es inl to
repr'esentat~ive lwrriess anci the specimrens ccnstructeo fur tne NRL tests are
presented in Table 1.

Fig9ure 1 snows a harness instal led in the taryct area. The AUEL harness
clam~ps, type DG-IU, holdi the harness firm.ly in place against tule aluminum
plite tnat hads beeni coateu with zinc cilru-iiite corrosion-miuibitiin, paint

hich i representative of an aircraft's interior IuulKhiead surface. ThiG
6omltikauinium, platýe is iaounted 14 incnt-s DC iioiu a 2)-imil front pla-te
wench represents tone outer s'd n of anl F-1 4 aircraft, bt r aeo

*a 1 ui~in.m alloy 2uI24-Toi shtets tnat were obtcai nei fror~ tile imr\F-:14J'V A repadir
Sflop, Tt is t~iie same ldteial -tisucoi ie construction aci repair
of: th ,avy's F-14's. Thie paiinteu plate is oi~unted oni tne heavy aluminum'lii

2



frame that has a cut-out behind the impact areu so the projectile will
penetrdte and pass or, tnrou•h to a trappin,,, pau of woven Kevlar (t).

2. The Electrical System

Before aiscussii, the coimponents in detail , a few cor,,ie, ts are in
oroer. Llectric drc-infucced ignition anc continuiný coc;;bustion of 'bire
insulatiun are reldted to a number of tuntahientals of electric circuitr1factors wiliCh• are nct completely simulated in this laboratory-assembleo test

system. Trierufore, tne following factors must be consiuered:

a) The initial voltage across a guillotine interruption yap of an
insulated wire is a function of the generator voltuge, sjstem inductance,
arid initial load current. Tie operating condition of this system was
conservative in that the power conductors were not carrying load currents.
So, therefore, the Ldyct of thc interruption across the gap, and to ground,
was neyl i ,ibl e. Thus, the tendency to i •ni te anri burn is 1ess severe tnlan
would be expected if tnese wires were carryinj their respective power loaus.

- b) The rccovery vol a~e induceo from the generaLor is also less severe
thana that which would have been present if the voltage regulator had been
_[,aintainirig a higher internal voltaju to account fur generdtor vol taje drop
Trom load current. These test conuitions tena to understate tie combustible
character of tile arou,,atic polyimide insulation.

c) The time tor whicii the arc-inuucinr vol tage is imipresseu on tte
i nsul ation is representative of actual service Cunaitions si rce these
circuit breakers are the type used in Navy aircraft. Th-erefore, the
subtransient reactance-inaucea voltage in this test setup is similar to that
of an on-board test, sinr thle NC-83A , ,rneratoutinely us to. simulate
the on-bodro generators -in grouno-check irrai ntence of tOese aircrort.
Further, the uU KVM power rating of the Nc-6A is of sufticient capacity to
41insurt fast tripping of the breaKers. This feature minirizes the tire
during which voltage must maintain the arc current to initiate cormDustion.

d) The flootinj of a portion of the wires in tile hdrness sii,,ulates a
situation in wnich some conductors are not connected to loaus at tne time ot

rtie prujectile impact. This, too, is conservative in cOmpdrison to service
conditions.

The cumulative effect of Tile above consicerations is to pruouce a less
severe stress environment for the present tests than can be expected in the
operational wirinri harnesses installed in aircraft taLut are actually in
service.

Figure 2 indicates the schematic arrangements of the electrical system
wnich is shown in Figure 1.

Electric power to the experimental issembly was proviucd by a ',Iobile
Electric Power Plant, NC-8A. This diesel engine powered generator is the
type used to provide auxiliary power during grouna i, maintenance of mil itry

* aircraft, rateu iI5/20O-volt, o-phase, 40uhz, ou KVA, 0.7$ power factor. it
is silown in lucalAion iT nRL in Fi jure 3, wiril týie cable leauiij into ti•e
"building where the firin. range facility is located.

-1 4
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A teri~iindl str'ip wdS fastenL'J to tne free enos of the powier wires of trio
INkL harness specime~ns for ease of connection tc tile power supply paniel
Sfull1 view 01 tr-e assQ;,ibl ea harness oT ~i -- 1~ 1~tjpe wires ano cad) ,-s

ano the power, aistributiori panel/ teriminal strip i's siio~n in Figure 1. in
4tne 1 ower fron-ý can be seen tire wi rcs carry inj the t~ir'ee-piidsc inu grounc

circuit fromr tooe extcroal power, sUp~lj GiScnClcT, to a P0Cwer jurcticn
s tr i . Grie set of wires trum tnis juflct~im 1ýte- into tfe panecl cootuinin.ý
twelvc ac breakers. This is anl Essential i~o. 2 Circ~uit ureaker Panel or on i
F-1- aircraft. Tile breakers, in series with e.ioi Of tire 115 Volt wireCs 01
the iiarness, are tile miilitary aircraft qual ified type, K1 ixor (k) ser"ies
72)74 -.1 (aTne i uenti f i cati on nuilbers that were s tamiped onl tile wi res anIi~
cables of the NRL speciimen harnesses, tne wire sizes, anu tne rarinys of the
circuit breadkers connected to the powereu wires are 1listed in Table 1.1 for

the Ml L-~~-ol 181/11 tYpe arid in Table III for the 1-279/,ty.

just beyond the ac breaker panel can be seen tne dc converter torat is
poweredl froiri tie 3-phase, 11,1 volt, 40u Hz input. It' is a luu-iiiipere, 28
volts dC, class C Unit, MiS 37U-1 illnUtac1Ltuea L)) ia,ýner O-ectric
Corporation. This is the urnit that is useci in F-14 aircrdft, it priviules
tne 2u-vol t do puý,,r *Lo thie dc circuit breaker paricl 1ucateo next to i i n
th e view shc,,n in Fi sor-e 1 . The iiarneass wires roct by tne fuurzeteni
o~reaktrs in tiiis paniel art: al so i deiiti fi ~a in Tabl es ,I anu I.I.

3.The Proiectiles

In tnins experim.,erit twc oi tferent types of projectiles wvre fire(d at tne
harness speciirrens. Tile first one was a .1-W-cal iber ball, n1-2 bullet,

*wt.:i~hing 152 grdins. The otrer was a stL-el , .2SU-caliuer' tramiunt si,,ulator,
weighing 44 grains. The powoer loauin~s were weight-aajusteu to propel eachi
at appruxii~ittely uUuU feet per second. Tme relative size ano snape of tInestý

* projectiles are sihown in Fi~ure 4.

4.Tile Firifinr~ari~ne

An overview of tile test fiririý raný,e is shown in Figure b. In tile
for-eyrouria is tre rifle, witzh stock removed, utor iuyo e
metal stana so it is in line with tie taryet area. Rellote fi rin6 from t'le
control room is achieveo by a solenoia actuateo tn'iýer m;ecrianism. Thet
tdrget area consists of two iietal trarmes tridt are mounted onr a metal table
about 10-feet diown range. Tile first frame wi tn tile al ui inurI place
reprneseniting the ai rcraft skin i s seen i n thiis view, arid a cl oseup of thL
wiring har'nuss iiounted on thre secona p1late is snioýni in Fi ~ure 6. Thre tar'je:
area fromn d slue view was seen pre~viously in Figure I.

PIPACT RLSULTB

unce the iiarnesýs installaotio err as coipl eted the power supply, was turned
oil aria each wire connhectioni at tile ter:;n al strip wiaS chuckea wi ti a
vol timeter to assure that tire harness was powetreG. ine viaco cd~eawas

zri edoti tne 'Care re n turnieoi on., YLN guncS 1 e~d aria cockeu,
* ana tile roomn was vacatea and secured.

4



I. HiIL--bl6Jol/11l tarnuss Tests

a) .30-Caliber bullet
Tile first s.iot wids conuucted with toe )U-caliour ball, fireu at

the r.11L-.-bl6:bl/l 1 type narnuss. The projectile severco wires in tne lower
p)art o lo tli hirnusý,, amu defori.eu •ie re,,,ai nin- n wires OT tie buisule. lihl
close-up view in Figure 7 siliws the ueflection procuced by tue irmpact, the
carbon deposited on the painted surface, ano the hole in the plate where the
projectile passed tnrough. A short circuit durinn the penetration caused
dlrciny tiat tripped one ac breaker.

ITn aircraft operations it is a stanuaro procedure to reset the
tripped circuit breakers in hopes that power can ue restored to the afTected
electricail components - especially if they are essential to the controls.
1hen the tripped breaker was reset, more arcing ano burning occured V'nich
re-tripped this breaKer and caused four more to trip. These were resut one
at a time, and each timhe there was another arc which tripped it again. ýhern
tilu tniru breaker was reset the arcin, became i;ore violent, with flai:es
enulfinj tile bundle ana more breakers tripping. The intensity of the fire
can De seen from the views uf the burning harness shown in Figures d.a and
b.b. The fire ano arcing continued to travel alonj tie harne-ss bcyond the
tur'et area as showni in Figure o.c. ano was succcssively trippin, a8ouitionil
breakers. It appeared that •he flames would persist anu incIlinentlj set fire
to the poý,er supply panel. before this could happen, tile Main puWer sWitcn
was openeu and the fire slowed Gown; however, it continued to burn in the
iharness for anothier I b seconds before it died out.

Higure 9 is a view of the pCwer panel and targeet area after power
lwas disconnecte6, stnowing the breakers that tripped uurinv the arcing and
f I,,i Ouri. :ri all Terre were 9 ac breakers an, 12 OCc breakers tilat tripped
open as a result of this tire propaydtion along tie narness.

u) .jU-CalizTer framiient simulator

The second test in this experiment was conducted on another
~harness of iJllL-W-bljbl/1l type wire, of the saiie construction as the first
one tested. In this one a .40-caliber fragment simulator projectile was
fired. The projectile iripactea near tte midline of tile narness ano bruke
,iany wires. Arcing and flamus Deyan ii;unediately and traveled along tne
i;*arness for aLiout lJ seconus after tie im;ipact. Tnesequenct of arci'½ an•
flashing arouna the da'iayea section is clearly visible in the three
successive photos of Figures 10.a, b and c. The circuit breakers tnat
trippeo are shown in Figure 11 , wniich is a view or tie circuit breaker
panels and tihe oaiilaed wire iarness in tile backýrouniu. Tnere were 3 ac
breakers anQ 5 ac breakers that trippeo as a result of the iimipact. They
*were not reset ano the test was enueu so thiat tihe caiiiaged hdrness could be
more closelj exa;,iinea in the laboratory.

2. ilL-a-227•/4 harucss Tests

Tile nexz wire :iariess that ns testea was tie one ainue-u2 wi tn
1ilL-h,-227ý9/o4 type wires and cables. As was previously described, it wvas
constructeu as neurlj as possihle to have tle samle nui.rber of wires anJ
caoles as used to make tLne il -,-.•l /ll harnesses. The proceourcs for the

5



bullet anci trlloment imjikict tests WLure cornauctuo in th%! same r~iarnnr dS ta
previ ously descri Le (.

a) J~u-Caliiuer bullet
ioc prujecti iý hit LthI e riiioal ne of tnte hnss At tol- pointL ot

iimPact shown -in Fi-jure 12 it canl ue ubsurveo Ohat at. least one wirt was
s L:v t2r oa butý noi car'ocii t r-ulxt i n c a b e 5 e 0n a Ic nQ 11, Q LU 1 t DlIa\Q2r'S Nvr

b) .ju-ý'li bet- frabment simulator
Thle sail;k harness was then reuositioneu to place an uidriCMaý(2d

sucýtion clIo s er to tIhu termdinal strips into tne taroet art a for, another
iiipact test. This time too ..0U-cal iber fra~lr~ent simulator projectile was
u btd. Upon1 ifipact, this projectile procucea OiucII yreater daima,'e to the wirc

¾harness arno caused a bri~jnt arc ana a short circuit lihich trippea one
ci rcui t red Ke r. Theý duration of tile drc was about u.1 secono (three fruiiics
lor videotape). Fijure 11) showS this ar"c ii~i~edidtely fOl loWiIIJ the imlpact.
;,hen resetL there a no0 arc dibl thec breakerl'ruinecos.

-*,Fisur-e 14 snoGws the harncss wfi tl tile 1.11ed wilres. Even1 thou'lh 111rij of
thec wi rts In tiie ikiarmLss wereý oaul.j aaia~eu uý th.e 4i'mpCct 010't! were no
ri _it25 or ensuihný firc To turtLiicr'cme tile ru iinirwi res.

As onservea, arm il lustrateo by tile .Ahotus, ar-cing froi~i tne shiortL
circuits was just as intense for each -t)pe Or . ir e. but, oJeSpite tile
presence oi the sariie electrical eneryy the wires eiiployinj tile aroi-iatil
pulyi.-ii ci i nsul aion i cni too and burneui; whereasth i epyn te

iioiifiea eytryleile tecrurluorouthnylene pulj,y,-er alio nt burn.

From these ex~per-iments it is evicent that it i s tne chlarcicteristics or
the: i ns L; ati n,, material s on the wires cesteohat cee;1nutfraci
rtesul tiný fromd tne ini tial snort circuits proauced ý,heii the! wirus were
crossed by the shearing forces of thle imllpacting projectiles.

It wa O~srvedthattne romaic polyiiiiiae form~s a charr2,, caruconaceu
'esdue wnlen exposec to thle heat of thle arcs ana flaiies. Tiis char' appeareoýC

*to DCe uelctfjcol l,) ccndluctivet so thdt as the fli.iies propa~lateu Jlorh the
riarnesses more snort circul tinsj occurred, anla tile resul ting arcs ot the

*daci ti olal shortL circuits du~ied more tiicu anid coroouSti n to the fire as it
Proyressed rrolii thle ::one of irlpact. Lach snort c ircu it tri pl'ta. alloth~er
circuit br'ear~er, so tnat coricei vabl) alli pOwur' ci r'LiZtS in a hariiess coul C
be lost from; one filpact.

Tile Si jri ficont uoi ftcrerice bel:'..Qer tiie twvo materials com~parteO in) thiS
experiiment seems to be that the aruii~atic polyirniue carbonizes When expos~u
to 'tne intense neatl of anl el ectrical arc ; ilnereas tile 51oGi ie etI QI`)rilen,
zLetrafl1uoroetnyl ene polymer (ices not mien expý..seo to' t.,;e idenltical short

*duratioi arc of tie it-.pact.



Al tiiou(.n thie pi ci se praxiri ty ot p oten ti alIly soo rt i~crIb ltols
Oires and cables was uncert~iri in the liar-nesses da~ LU'iGtr'uctedJ, t.i1e

b~11 sti ipacs ru ucc a Mi i-h prubb i I i Ly of soort circui ting. The
Si . rii ticant tact is triat in each instanlce %vhc.rQ shorti nj occurred tho
liiriiesses iina~ie wimtii aruli.itic poly im.ide irisul utiwl su fc-ered ddalitiOnlul ddlodC
froi~i cai~iustiuni ot the inSUl dtiun; wlereas no suLoseý.uer; fi re erisueck in

'Irlc5S idU1C Oitri tile ;nuoi tiCU UZO.ly~l'i tetrl1fIuorue0rly~vnt2 irisul dtiOui.

Audi ti anal tests are dusi rcabl a to ocucuinrit tim frequency ot snorti n~ on
iipact wnich has now been ojeinonstrateu for Vile .17-caliber spriere,
.30-cal iber fraygieint siinnulator and .2AJ-cal iber býl 1 prcijectiles.
Ret -ilit o iiiL exeinental procedure 6hich could acio to the ci LcuStarict i xe rCm ne

resul ti n f rrom mni ac t are:

a) ilnitorimy ot the electrical Phase at the instant of guillotining.

o) I;easuriiiy trie enerj~y of trio electrical arcs.

c) m'easuri ns tie cit-reuilt breAker trirppinvl tiles.

* a) 5inltion of tile etfecýts of electricil loius onl L/,j+anu refcovery
volta e as aitlt2Ctd b1 Vie Voltd,-e tejuldtUr'.

e) Preci Si on arranygel-ient of the wires arid cables ini Qacii harness in
oruer to uoW~ainir rare precise corresponuerice of mnectianical adr~iuge
to Identical electrical circuitS.

f) oarientation of trio narnesses, to rlax~iiii-e the tlue effect on the
burnin.ý wires.

S)uc ter;iii nill, v ie mi i nimui i impact comidi Li uns ,in ci Lhi 11 cons i s tently
prouuce dt-C! rig 1i ret-prOeserdIai VQ harnesses.

,~ever-tnel ess, sinrce the present flarnesses wer~e constructea as bein:i
repr-esen tati ve o f F -14 wi r in a s spec if iea by F -N 1va in tenance eiijirieinrs arid
tney were impucted with a variety or repr'eserrtative2 projectiles, the adnamae
anid the reactions to tile da;.ia~e ur'e considerec a valiai cor~ibat vulnerability,
assessmenIt of tile w~ire insulations that were evaludteu.

Aý,KNUrtLEuGHLINTS

T ie a ut Iio its wI sn t o a ckniiow I e u ýe t iie a ss i s t,ýi ice p r iv ci e d by
L. T. ruiunphreys ano R. K. Evere tt in thIle operdti aii of tile bail Ii sti cs f acilI it)',

* P~~. [lchi aria R.T. Peyriolas for- znir excell1eiu Viaeo recoruinig arna P. Al iiio
tor- constructini tl electr-icall c i rcu i try anu wi re jiar'nCs s ý. Th y aso
exteflO tliaanks cc . . Cole, J. Evans anu iý. Cnso i~ o u ~rc i
the hdrries~es, 6nu S. Aletxanuei' dnac his stuff for pruvi cinj tie iC- 0 roll
tile i:davl Air' Logi .sti .CS Center.,



Sr-vL INt- 1-

Taui e 1. Descriptions of the ý r'e Harnesses

4~i re Fun~ctioins Vol taue i~urber of 6i res
Rep)-eseni~ti ye Speciiiien I firtiesses
F-14 harness ~blcl /11 22 7 b'4

Powt.r intes 1 1 V, 3-pilase 1' I2 12

~n~e-corr4b V, (IC 10 ~ N

uns~it2 OCO 5volts 2

snii Ql duol b volts ,

Cdbles (grouncieu shielcis) 101 l

Iro)urw leads U 10 0u

2-



Tabi e Ii Wires and Gabl es in Harness of Type iiL- '-o-d I /I

Circuit [ta~er Lircuit TrdcinII
. iiperes ) Vol taje ',i re Size ILu .ui-ber

' I phase 1 24 A)1 92-61 A24
5 2 24 ASN 92-92 A24

2 ý4 AS1i 92-83 A24
1 22 U41 4 B 22

3 2 22 ASN 92-12bb 22
5 3 22 APX 832B 22
5 1 20 Q305 B 2U
5 2 20 Q 30U F 20

S7.5 3 2u Q 324 J 2U
3 1 lb Aku 9 116 AlI

I3 2 I AI 9 13j A16
;'3l b AloGu 116 AIU

7 1/2 28 v 22 Lg•A22
7 112 22 ui 3 A22

7 1/2 2u Q ou3 2d
7 1/2 2u (4 324 il 2u
7 1/2 20 L)3U2 b 2u
7 1/2 2U A•,G 9-19" C 2U
7 1/2 2u uC87bikiR -24bh926U7

20 not 1 ejible
71 b Ib ARC I*9-231J 16

-.. 7 1/2 10 A,•6 9 99A16

-"7 I2 1 AWb 9 1214Alu
.-l,5Ib A.G 9 1213AI6

-- 7 i/2 16 AbL 9 168b 16

"No. of wires Size
floating: b S

4 22
lu 24

"9r'junded: 0 22
3 24
c1 26

"C"".BLES
ID N10. jWires Size

- GCLU75r.IR-2bSh 05973 8 _'6
GL6U7:)iRb-26S0I U597j 26

' GC675MR3-2uS u597J 3 2u

-- - - - -6 2u
5 26

* GU87W1ik3-2US u5973 3 2U
2 2u

22.',2 '20

-',-.-. . . . .-- ,----.-. - - - - - -

S. . . . .. . • . ... .: : .-. ,.: • " -.. ,, , _ "," : ,. :• .' _: ,- " ." _ , : _''.__ - ", ,,-.'.." • ,,: .- . " .: ,. -•" , : ,.- -'" 1- :''. ', ,- '-T .- ,- .. . " ,. ,



Tao.le Ili

Wir<L$ ANDJ CihtLES iN WA.,ES' uF
TYPE Oi1 L-A-22/5ý/o4

S1iiGLL. WIRES
CrcuitL 6reaker

*(ai)Leres) V01 tdje1 ýire Size 'Wire i:j tNiuer

5 115b Phase 1 20 i, 22759/234-20 0oU90
5 2 20 I

33 20

5 1 20 m

2 20

114 .i227cý5/2A-lu u3(
32 14

71226 i2 i,,227ý),/,4-2t- Ououu
*1 1/2V2

22
7 1 /2 20 II227s9/.ý-2U 6u~uW
7 112 2u
7 1/2 2u
7 1/2 2015 2u 1,122 75ý/34-2u' GbU9U

b 16 M227b9/34-1b Uou9U
7 1/2 lo I

7 1/2 lo
16

7 1/2 16

No. of Wires Size

floating 20 2
grounce'j1 lo 2

GAB LES
ID) hr es Size

fi7 00-2 U S6 2 T2Ub (u90U 2 2u
2 2u

2 20

2 2u

H 27t)U0-i u Sb 3T2i UbuS.,j l

liu

10
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Fig. 4- The projectiles used it, tKl impact expi rimeriw : 811

left -bullets, right -Ir~agmen 11sim~ulators.
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a. fire near (tic initial damage 8 1602-14

g . 8 The burning harness of' till -W- 81381 / 1 wi res ' h ich ifg iiied Mihen circu I breakers
%kere ieser alter it was initial ký damaged by the impact of a .31)-cati her bullet
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S1tC0 2- 1
b. hso seconkis later, flamles ailid arcing atc sprcad ing

g8 Wont'd ) 1 The burning harness of' MI I-'V-s1381 / II wire which ~'ii ted Mi eni circuit bleaket s
*were reset after it wNas initially damag',d b) tie impact of' a .30-cal i er bullet

27



FY

c. sC'en teen seconds Ia 'er, flamecs and arcing are propagatling along heit hatfness.

Fi. 8 (('ont'd ) T he burning lhar ness of' K111 -WN-8 1381 / II wires %%hich ignited %ýJlien ci[CUit breakers
0-er rstltri ainially damaged by the im paict of' a .30-cali her bidl le

PRE\*I0tS PAGL7
IS 3L.ANK

1 29)



Cri

L 121

-sf-

-'Tmgwm ý "Vw'T~v i' 1

4, 4

'I 
~31 '
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ita. initial arcring 81602-3
~1*hg ()- Acs tndflmecs initiated by the of'ac [lite I ragmetit Sinluaitor

-~~ on the harness of' NilI L -W-81381/11 type c r
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C. t~r~ SC~nd Ia ~81602-23

Fig. 10 (Conit'd) -Arcs and1 flarles in itiat,ýd 1)y the impact of' thle fragment si inUlIator

on the harniess of' NI IL-W-8 1381 / 11 type wk~e
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'1162-6
14ig 13 T 1he Irc produII(ced by' IheC ilpacl ()I' it 30-caliber tdgmenct Simulatlor

on at tai ncss of' NI IL-W-22 759/34 tye irc.
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